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ABSTRACT 


Four metabolites of the bird's nest fungus 
Cyathus africanus were separated by thin-layer chromatogra- 
phy. Two of these were shown to be identical with cyathin A 
(1) and allocyathin B (2) respectively, both of which were 


3 
first isolated from Cyathus helenae. 


i 2 


The third metabolite, cyafrin A , was shown 
u 


to possess structure 19 by spectroscopic analysis of the 

parent compound and its triacetyl and acetonide derivatives. 

Preliminary work towards the correlation of cyafrin A with 
mn 


cyathin A was undertaken. 
3 


The structure of the fourth metabolite, cya- 


frin B (21), was established by spectroscopic analysis of 
Mm 
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the parent compound and its diacetyl and methyl ketal deriva- 
tives. Many other metabolites were shown to be present but 


were not isolated. 


A preliminary investigation into the metabo- 
lites of another bird's nest fungus, Sphaerobulos stellatus, 


was undertaken. 
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I. INTRODUCTION 


In recent years a large number of bird's nest 
1 
fungi have been described , most of which have been classi- 


fied as belonging to the class Basidiomycetes, subclass 


Homobasidiomycetes, order Gasteromycetes, family Nidularia- 
ceae, genus Cyathus. 


2 
Wilkins repopted that mycelium of one of 


these fungi, Cyathus striatus, showed bacteriostatic proper- 
ties. This report was confirmed later by eae ute Lao 6 7 
ieee found that the mycelium of Cyathus helenae also 
inhibited growth of a number of bacteria. Further studies 
indicated that mycelium of other species, including Cyathus 
limbatus and Cyathus poeppigii, also exhibited bacteriostasis. 
Of these fungi C. helenae has been studied 
most extensively. sn found that an ethyl acetate ex- 
tract of the liquid medium used for cultivation of this 
fungus retained its antibacterial activity. The residue from 
evaporation of this extract was named "cyathin". Johri also 
carried out studies on the effect of the composition of the 
nutrient medium and other factors ee the growth of C. hele- 
D3 


nae and the production of cyathin : 


7 
Taube first separated several components of 


crude cyathin. He identified the phenol 2,4,5-trihydroxy- 
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benzaldehyde and found a large number of C compounds. all 
of which appeared to have the same basic Jane: These 
compounds were named cyathins, with a letter and a number 
added to the name of each to indicate the number of hydrogen 
and oxygen atoms in the molecule, respectively. Thus com- 
pounds of the "A" series contain 30 hydrogen atoms, of the 
"B" series 28 and of the "C" series 26. The number in each 
name corresponds to the number of oxygen atoms in the mole- 
cule. If a second compound was found with the same molecular 


formula it was distinguished from the first by the prefix 


"allo-", and a third one by "neoallo-". 


Taube succeeded in obtaining in pure, crys- 


talline form two of these, cyathin A (C Cie lon): (1) and al- 


3 20.53 O83 
locyathin B (C H O ) (2), and determined their structures 
3 202.83 8,9 
by spectroscopic and chemical methods . The absolute ste- 


reochemistry has been confirmed by X-ray diffraction studies 


of cyathinA. 
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Ho 
Carstens carried on the investigation of 


crude cyathin. He separated a mixture of cyathin B 
3 
G25 eH. 70») C3) and<cyathin’ C. (Ci H-—O ) (CY) from the re- 
20 28 3 3 20520" 3 
maining components of the crude cyathin. He was able to 


Joo 
|+ 


separate them from one another only in the form of their 


methyl ketal derivatives (5 and 6, respectively). The struc- 
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tures of cyathin B (3) and cyathin C (4) were determined 
3 3 
from spectroscopic evidence on the methyl ketals (5 and 6 


respectively) and confirmed by chemical correlation. The 


methyl ketal of cyathin B was converted to the methyl ketal 
3 
of cyathin A and the methyl ketal of cyathin C was con- 
3 3 
verted to the methyl ketal of allocyathin B . Later Mercer 
3 


developed a direct method of separating cyathin RB from 
L2 3 
cyathin C : 
3 
12 
Recent work by Mercer resulted in the iso- 


Ratdomxof nesoallocyathinyAy (Geely 01)’ Gi)iviaeits:.0,0-Ls0- 
uy 20 30 4 
propylidene derivative 8. 


i 
Joo 


Two other bird's nest fungi: that were subse- 
13 


quently investigated, Cyathus bulleri and Cyathus inter- 
14 


medius , were found not to produce any compounds of similar 


structure to the cyathins. 
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In 1966 Dr. D. Hocking brought with him from 
Tanzania two specimens of a bird's nest fungus which he had 
found growing on dead twigs on Mount Kilimanjaro at an alti- 
tude of about 8000 ft. ee determined this to be a pre- 
viously unrecognized species of the genus Cyathus and named 


it Cyathus africanus. 


5 
Johri compared chromatograms of crude cya- 


thin from C. helenae with those of similarly prepared ex- 
tracts of C. striatus and of the recently discovered Cyathus 
africanus Brodie, and found them to be very similar, al- 


though not identical. 


It was the similarity between chromatograms 
of extracts of C. africanus and C. helenae that prompted the 
investigations presented in this thesis. To distinguish the 
metabolites of C. helenae and C. africanus, the crude ethyl 


acetate extract from C. africanus will be called "cyafrin". 


The purpose of this work was thus to deter- 
mine whether extracts of C. africanus also contain compounds 
similar to the ones found in C. helenae, and to elucidate 


the structure of any new compounds isolated. 


Another related fungus, Sphaerobolus stellatus, 
also had been found to exhibit some antibacterial activity. 


For this reason the metabolites of this fungus were also 


investigated. 
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II. GENERAL EXPERIMENTAL 


Growth of fungi and preparation of crude extracts 


The procedures used for growing both C. afri- 
canus (strain 66120) and S. stellatus are based on those 
developed for C. helenae by ee 

Agar slant tubes of the fungus strain 66120 
were obtained from the collection of H. J. Brodie, and were 
maintained on Brodie solid (agar) Medea (for the composi- 
tion of the Brodie medium used see detailed: experimental). 
These cultures may be stored for long periods on solid medium 
in; slant tubes op on, Petriy dashes) at 5 C, 

The growth of mycelium in liquid medium is 
initiated by transferring some of the agar-grown mycelium 
to a 500 ml Erlenmeyer flask containing 250 ml of steri- 
lized Brodie medium. The culture is allowed to grow at 
room temperature for about four weeks, then the liquid cul- 
ture is homogenized in a sterilized Waring blender and used 
to inoculate (by means of a sterile pipette) a number of 
2 1 Fernbach flasks each containing 500 ml of sterile me- 
dium. After about four weeks of growth the liquid is de- 
canted from the flasks. The remaining mycelium may be re- 
floodad with fresh sterilized medium which will yield after 


a further four weeks a second yield of metabolites. The 
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quantity of mycelium in the flask has usually increased 
greatly after the second growth so that repeating the "re- 
flooding" technique is impractical. A new growth is then 


initiated. 


Crude extracts are prepared by partitioning 
twice the combined liquid media with half the volume of 
ethyl acetate. The organic layer is dried with anhydrous so- 
dium sulphate, filtered, and the solvent is removed by 


means of a rotary evaporator. 


Solvents and adsorbants 


Because of the small scale on which separa- 
tions and reactions had to be carried out during this work 
even small amounts of involatiZe impurities in solvents 
could not be tolerated. Therefore all solvents were dis-— 
tilled before use except anhydrous ethyl ether (Mallinck- 
rodt), which was found to be of sufficient purity to be used 


directly from the container. 


The only adsorbent used was Silica gel G 


(E. Merck). This adsorbent was used directly from the bottle. 


Analytical thin-layer chromatography (tlc) 


1. Preparation of plates. 


Only microscope slides were used, of either 
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25 x 75 mm or 50 x 75 mm. These were coated with the adsor- 
bent layer with the aid of templates, using a Desaga 
spreader, according to a method described by nero a Rou- 
tinely a slurry was made up of 50 g silica gel G, approx. 
ig “electronic phosphor" (ZnSi0 , General Electric) and 
100 ml H O. The spreader was BL te give a thickness of 
beeen Layer Of 0.2 - 0.3 mm. The coated slides were 
allowed to dry at room temperature for several hours and 


fo) 
then activated by heating overnight at 110 - 120 C. 
2. Application of samples and developing of the plates. 


Samples were applied as solutions in a solvent 
as non-polar as possible, using open end melting point 
tubes which had been drawn out in a flame to give a very 
fine capillary point. Up to three spots could be applied 


to a small microscope slide and up to six to a large one. 


Plates were developed inside a 250 ml beaker 
covered with a. petri dish. Approximately 10 ml of the ap- 
propriate solvent was needed. Development time depended on 


the solvent system, but was approximately five minutes. 


In certain cases the "multiple elution" tech- 
nique was employed, whereby a plate, after having been de- 
veloped, was allowed to dry and then returned to the deve- 
loping tank to be eluted a second time. This process was 


repeated as often as needed. 
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3. Detection of components. 


Components could be detected either by 
viewing the plates under uv light (254 nm) or by spraying 
the plates with a 30% H SO solution followed by heating 
at 110 °C for a few Ace) In the first case spots would 
show up dark against a bright green fluorescent background, 
in the second case the spots would be charred to a purple 
or yellow-brown colour. Some indication as to the relative 


amounts of material in each spot could be obtained from its 


sizevand the intensity of charring. 
4, Recording of R values and solvent systems used, 


R values are given as the ratio of the dis- 
£ 

' tance moved by the component over that moved by the solvent 

front. These values are dependent on the solvent system used. 


This is indicated (by its code letter in parentheses) along 


with the value. See below for these solvent systems. 


In cases where "multiple elution" was ap- 
plied the R was recorded after the final elution. The sol- 
f 
vent system was allowed to progress to the same point on 


each elution. 


Solvent systems used were: — 
A>) eBenzenes. Acetones: cAcetac Acid, 75): 25 sel 
B: Chloroform : Methanol 1 hs es 


C: Chloroform : Methanol Eo Picaee 
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Preparative thin-layer chromatography 


1. Preparation of plates. 


For preparative work, plates of size 100 x 20, 
20 x 20, 10 x 20 and 5 x 20 cm were used. These were coated 
in a similar manner to the analytical plates, using a slurry 
of the same composition, with the spreader set to give a 


layer of 0.7 ~ 0.8 mm thickness. 
2. Application of samples and developing of plates. 


For small samples the application was done by 
hand, using a small disposable pipette, the tip of which 
had been drawn out over a flame to a fine capillary, and 
which was fitted with a rubber bulb over the other end. So- 
lutions were drawn up into the pipette with the rubber bulb 
and applied to the plate by gently squeezing the bulb while 
moving the pipette slowly along a line parallel to and 
about 2 cm from the bottom edge of the plate. For large 
plates the application was done with a mechanical applica- 


tor equipped with a similar capillary. 


In general, it was found that 5 mg of mate- 


rial per cm width of plate could be separated without diffi- 


culty. 


¥ 


t) iv ‘ 
8 a 
. , fi 
é 
ta 
i. 1% : t Livny 
‘ Waals t 
. ¢ oh) 
7 
rr poy’ 
oe 
= ‘ 
2 : a r u Le 


.* Ee hae ei ree 


lth s rivets aa pier ats ea” eyo Fabs 


@ J] é 
“ y) + 
sar 
fire“, 
J 
a 


ei 


oe set 
Pay 


i Bs ae 
Les 


: on 
1 { i fie 
ee a is 
_ hoes ee —" 
} "> ae 
f a) 
ei Ly | 
> Thi 
? net eo ‘3 rex) 
ay 
17 Lae iF 
1 «4 ; t . U ateh 
’ i= ~ an Ye fre ; ee nae 
| SNS 
bAae4 oat ee ellod Py iy 4 iene * ine 
f = * 
5 es jag wie ee. Sa +e gta 
a sm ' a.” aria g ( 4a one pam 
; y pee 
fi 39 Veet i et. ott) ah 
bat caw Len iy tk TS : =the) 
if Ey AE Fog, BrGse he {2 . 
p| Vere = Py ae ove bie} Gl t 
Pas - ie er I Bak . WOO] 
Mipesé a! betas oa. ig Se ei ee 
5 « od oy sh : 
= - + al he - os ty F 
“aie Te ne Bylnt “Rae + RISE OET-y 1X _ a. Axe - 
iY : a, 


mabe ar) 


es ita kekn 


esl 


The small plates were developed in glass 
tanks of about 25 x 25 x 5 em, which were closed at the 
top with a glass plate. The large plates were developed in 
a metal tank (Shandon) of 110 x 25 x 15 cm. Developing time 


was approximately 50 minutes. 


3. Detection of bands and recovery of compounds. 


If the compounds involved were strongly uv 
absorbing, the bands were detected directly by viewing un- 
der uv light. If not, detection was done in conjunction 
with the sulphuric acid "charring" method, used on an ana- 
lytical chromatogram run on the same sample under similar 
conditions. First, the corresponding bands as seen under uv 
light were scored on both analytical and preparative plates, 
then the analytical plate was sprayed with the 30% sulphuric 
acid solution and heated at 110 c for a few minutes. The 
location of the desired bands on. the preparative plate could 
thus be inferred from the R_ value of the spots on the ana- 
lytical plate. ? 

Recovery of the separated compounds was 
achieved by removing the silica gel in each band from the 
plate, collecting it in a small glass filter and eluting 
the compound from the silica gel with a polar solvent such 


as acetone or methanol. Evaporation of the solvent then 


left the purified compound. 
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Measurement and recording of spectra 


Mass spectra were recorded on an AEI model 
MS-2, an AEI model MS-9 or an AEI model MS-50 mass spectro- 
meter. The MS-9 was used to determine molecular formulas by 
high resolution mass spectrometry (hrms). The MS-50 provi- 
ded the atomic composition of all fragment peaks in a spec- 
trum. All mass spectra in this thesis are recorded as the 
intensity of each peak relative to the base peak taken as 


100%. 


Proton nuclear magnetic resonance (nmr) spec- 
tra were recorded on either a Perkin-Elmer R 32 90 MHz spec- 
trometer or a Varian Associates HA-100 100 MHz spectrometer. 
Spectra of very small samples could be recorded on this 
latter instrument in the Pulse Fourier Transform mode using 
the Digilab FTS/NMR 3 Data system. i nmr (cmr) spectra 
were recorded on a Bruker WP-60 instrument. Chemical anieee 
are given throughout this thesis as 6 in ppm, using tetra- 
methylsilane as reference standard. Spin-spin coupling data 
were obtained by way of double irradiation experiments. Nmr 
coupling patterns are describec as follows: s - singlet, 


d == doublet, -t -ftraptet .q.- quartet, m — unresolved multi- 


plet, u - unresolved absorption band. 


Infrared (ir) spectra were recorded on a 


Perkin-Elmer model 421 dual grating spectrophotometer. 
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Ultraviolet (uv) spectra were recorded on 


Unicam SP 1700 spectrophotometer. 
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IiI. RESULTS AND DISCUSSION 


Characterization and partial purification of crude cyafrin 


During the course of tnis work portions of 
crude cyafrin from six consecutive growths were obtained and 
examined. The amount of crude cyafrin varied between 75 and 
150 mg per liter of medium. Crude cyafrin has the appearance 
of a dark brown, very viscous, oily substance. 


17} 
Initial experiments by Mr. R. Parker of 


these laboratories had shown that crude cyafrin could be 
partially purified by a four funnel counter-current dis- 
tribution between water and diethyl ether. It is assumed 
that the result of this procedure is to extract any highly 
polar substances such as carbohydrates and glycerol into 
the aqueous phase. Glycerol is one of the constituents of 
the Brodie medium used for growing C. africanus. The com- 
bined ether fractions of the eles tae due distribution 
yielded after evaporation of the solvent a light brown 
foam. This foam usually constituted about half the weight 
of the initial oil and was used as the starting material 


for all following separations. 


Later the counter-current distribution was 
replaced by a simpler procedure which involved partitioning 


the crude cyafrin between ether and water. Crude cyafrin 
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was dissolved in the minimum amount of equal volumes of 
ether and water and the layers separated. The ether was 
extracted with an equal volume of water, then the two 
aqueous layers combined and extracted twice with an equal 
volume of ether. All ether layers were combined and the 
ether evaporated. Any residual water was removed by freeze- 
drying. The results of this procedure were as satisfactory 


as those of the counter-current distribution. 


Liquid-solid chromatography over silica gel 
has proven to be the most effective method of the several 
separation methods examined for the separation of crude cy- 

Sete yl2 


athin - For that reason liquid-solid chromatography 


was also the first choice for the separation of cyafrin. 


Thin-layer chromatography (tlc) was considered 
more attractive than column chromatography because, once 
some skill has been acquired in handling and preparing the 
plates and applying the samples, it is a fast and” convenient 
method and less prone to mechanical problems. Therefore pre- 
parative tle has been the method used throughout this work, 
both for the initial large scale separations and for later 


purifications. 


Preliminary tests indicated that solvent sys- 
tem A gave the most satisfactory separations of crude cyafrin. 


Routinely the multiple elution technique was applied; three 
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elutions were usually sufficient. 


It was found that the composition of crude 
cyafrin varied considerably between different growths. This 
is not surprising as a similar variability has been found 
with C. helenae. It is thought that mutations occurring in 
the mycelium during its growth are responsible for this 
variation in Pee th a Thus the actual amount of 
any one metabolite isolated from crude cyafrin could vary 
from virtually none to as much as 10% of the weight of the 
crude mixture. Sometimes a certain band on preparative tle 
would contain mainly one compound; at other times the same 
band would contain a complex mixture of compounds. The 


following results can therefore be considered as represen- 


ting only a general trend. 


In general most of the material was found on 
the high-polarity (low R ) side of the chromatograms. Usually 
LE ‘ 
a large proportion (40 to 50%) had an R of 0.0 (solvent 
fe 


system A, triple elution). This material was not further 


examined. 


Three components showed up on tle that ap- 
peared to contain substantial amounts of material (as judged 
from their size and colour-intensity after charrins with 
30% sulphuric acid). Of these, component A, oe 0.5 and com- 


ponent B, R 0.2. (solvent system A, triple elution) were 
nf 
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coloured intensely purple by the charring while the third, 
component C, R 0.4, charred yellowish brown. These three 

i 
components were selected for further examination. 

Most compounds isolated during the course of 


this investigation were obtained and handled as more or less 


colourless gums. 


Isolation and identification of cyathin Age alliocyathin:, Be 


mixture 


720 
Taube had found the major metabolites of 


C. helenae to be cyathin A and allocyathin B (9 and 10 
3 3 
respectively). He found compounds 9 and 10 to have identi- 


cal R (silica gel, solvent system Benzene : Acetone : Ace- 
F 
thcisedd —70Veh300r- ls) but hewmanaged( to, separates 9, and. 10 


by tle on silver nitrate impregnated silica gel. 


H va | A ce 
ay 2 
\\ J 
em 
\\ 
O 
= 10 


uy 


<i 4 eis | ’ Sy cae 7 rest it. te: . 


, A ; ce ee iy 
bi, Tel: Acie -. tes, BD hong ar 
9 bint 2 

(te 
<a “a ite oe De mu tie) whale ti 


= € +s “ 


3 * eas 
ine 7 


; we as, Yoel oe Mi ao ek tie 
“ . o- * tw oars + age - 


spear OA) eile Ta Peet oan 
¢ ee oe hii ie - iL oe 


hacen eee gras death buat 
; aint v A re 
> shat aie vega sie 5 ala te Re 
Rh: 

‘ ys ~ ae Tare | oe i y 7 ie Care ae 
+ 4 le . 25 i, ve ‘ba Ais Pint) % hares an ewetba ae. q a 


‘ : = a 


Wa 


ca J if ; 
‘ a , oe \ np : 
g 41 ' : . 
Fa 1 a j ett 
= J ah aa ty : =. LP sat aa 
q 5 if Pa i 
ht b 
i 3 = 7 Me ice 
yr i LRA a 
; 4 t A 
j ay] 
’ _ - 
; : . 
tar ’ 7 fyb. r < & = 2 * 2 


18 


As cyathin A and allocyathin B were the 
3 3 
most abundant of all cyathins isolated from C. helenae, it 
was decided to use them as reference substances for compa- 


rison with any compounds found in crude cyafrin. 


Cyathin A (sample provided by Dr. P. Singer 
of these laboratories) ne an) vaiuervron tices CR (0...51;)\sol— 
ve 
vent system A, triple elution) een with that of com- 
ponent A found in C. africanus. Use of other solvent systems 


such as C (double elution) did not show any differences be- 


tween component A and cyathin A. 
3 


The mass spectrum of component A showed four 
apparent parent ions,at m/e 334, 332, 318 and 316. The ions 
at m/e 318 and 316 were the most intense with an intensity 
ratio of approximately 3:4. Other prominent ions were found 
at m/e 191, 189, 175, 45 and 43 (base peak). Determination 
of the molecular formulas of the parent peaks by high reso- 
lution mass spectrometry gave the following results: m/e 


3165 C. HO i metsie eC) He 08) whiche@oanemthedsanes as tthe 
ZOP 2 Sens 203003 
molecular formulas of allocyathin B and cyathin A . Thus 
3 - 


3 
component A is a mixture of four compounds, two of which are 


present in major amounts. The molecular formulas of the two 


minor parent peaks were found to be m/e 332, C H 0O and 
20 28 4 


MheT ISS CAs, 
203054 


The nmr spectrum of component A was very -un- 
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informative, its main features being very broad, completely 
lvecscolved bands. around 6 1.0, 1.5 and 2.1. In addition it 
Showed unresolved narrower bands near §6 4.5 and 6.0. This 
behaviour is not unexpected for cyathin-like compounds and 
has been explained in terms of a fast tautomeric equilibrium 
between a cyathin and its internal hemi-ketal tautomeric 


foun Part “Structures ll and 12). 


It was decided to attempt to separate compor 
7, p44 
nent A by a method originally suggested by Taube a eye 
procedure involves acetylation of the hydroxyl groups of the 
compounds in the mixture followed by preparative tle of the 
acetylated mixture. If desired, the isolated pure acetylated 


cyathins can be deacetylated under mild basic conditions in 


methanol to give the pure cyathins. An additional advantage 
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of this method is that the tautomeric equilibrium described 
above is not possible for acetylated cyathins, and it would 
therefore be expected that these derivatives would give more 


informative spectral data. 


Acetylation of component A was achieved 
using pyridine and an excess cf acetic anhydride overnight 
at room temperature. After concentration, the acetylated 
mixture was separated by prep. tle (solvent system A) and 
the largest fraction, fraction A (at R 0.7) isolated and 
analyzed. : 

The mass spectrum of fraction A (see fire. 1) 
showed parent peaks at m/e 402 (hrms: C H QO ) and 490 
(hrems;. C }H O ) at ian intensitysratio a ee 3:4. Com- 
parison oe Eee ee er of fraction A with the mass spectra 
of 0,0-diacetylcyathin A and 0,0-diacetylallocyathin ic 

3 


7 
measured by Taube shows that fraction A is a 3:4 mixture 


of these two compounds. 


In addition, the nmr spectrum of fraction A 


in CDCl (see fig. 2) can be fully explained if fraction A 


3 
is assumed to be composed of 0,0-diacetylcyathin A and 
3 
0,0-diacetylallocyathin B . Compare tables I and II with 
3 Wg 


e > 
fig. 2 (tables also from data published by Taube vee 


Tt was concluded on this basis that the two 
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Figure 2, Nmr spectrum of fraction A (0,0-diacetyleyathin A 


and ©,0-diacetylallocyathin BR ) (CDCl ). 
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Footnotes: to tables: Ltand «IL. 


Hderetrieation of i¢tepalsuby letters is ’as<in  ref..7% let- 
ters are assigned alphabetically to signals belonging to 
protons on the basic cyathin structure in order of de- 
creasing chemical shift; remaining letters are assigned to 
Signals belonging to protons added on to the basic struc- 
ture by derivation. This coding is also used in all fol- 
lowing tables of nmr data. 


b 
For notation see general experimental. 


c 
The constants are listed in the same order as the signals 


in the following column. 


d 
Numbers refer to numbered positions in structure 13 


26 


Nise 


4 
e 
4 
) 
Sty A 
\ 
, w 
z 
‘i 
Fr f 
a 
a 
- oe | 


‘> 


Veb 4 ig Oxi; 
| 


ar ie 
a 


» 
~~ 


y 
«, 


<- 
el 


Cite joa : 


2: 
: ’ 
og: 
oe 


a 


\ 


oF perthcees 


dm 


major compounds present in component A are identical with 

cyathin A and allocyathin B . This work establishes that 
3 3 

C. africanus does indeed produce metabolites similar to 


those found in C. helenae. 


Isolation and proposed structure of cyafrin Ay 


The next subject of investigation was com- 


ponent B (R 0.2, solvent system A, triple elution). After 
i 
initial isolation by prep. tle using this system component 


B was found to be still contaminated with more polar material. 


Further purification was achieved by prep. tle with solvent 
system D to give pure compound B as judged by tle. On one 
occasion a sample was obtained crystalline, but usually 


compound B was handled as a gum. 


The mass spectrum of compound B (see fig. 3) 
showed a parent peak at m/e 334 and other prominent peaks 
at m/e 203, 190 (base), 175 and 43. The material appeared 
to be essentially pure, but a small peak at m/e 332 sugges- 
ted a minor impurity. Hrms gave a molecular formula of 
C H O for m/e 334 and showed the atomic composition of 

20 30 4 


the major fragment peak (m/e 190) to be C H_ . By analogy 
14 22 


with the general scheme for naming cyathins compound B was 


called cyafrinA. 
4 


The nmr spectrum of cyafrin A (see fig. 4) 
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Figure 4. Nmr spectrum of cyafrin A (CDCl ). 
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turned out to be poorly resolved, as anticipated for cyathin- 
Jey Daigo 
like compounds - For cyathins the poor resolution in 


the nmr is attributed to the ketone - hemiketal tautomeric 
equilibrium described earlier. The only distinguishable 
feature of the nmr spectrum of cyafrin A that is of interest 
Homone teipter (J = Liens at 0.3.9. hcl is not present 


in the nmr spectra of cyathin A and allocyathin B. 
2 3 


The infrared spectrum of cyafrin A is shown 
imetie, 5 (in chloroferm solution) and’ fig. 6 (neat). The 
second spectrum was obtained by applying a chloroform solu- 


tion of cyafrin A to the face of the ir cell and allowing 
yy 
the chloroform to evaporate. Both spectra show the general 


features found in the spectra of cyathins. See for example 
Ty p.36 =T 
the spectra of cyathin A - The absorption at 3600cm 


3 
in the solution spectrum may be attributed to free hydroxyl 


groups. In pure state ali hydroxyl groups are hydrogen-bon- 


ded, as evidenced by the relatively more intense absorption 
-1 
at 3400 cm in the neat spectrum (fig. 6), and the ketone 


function is completely masked. This phenomenon is also ob- 
served in the ir spectra of cyathins and is attributed to 


the formation of an internal hemiketal. It has been shown 
that cyathin A crystallizes exclusively in this Pe ta 

The remaining absorption of cyafrin A at 1650 aay is 
possibly due to a number of C=C deuees bonds in the molecule. 
The sharp peak at 750 may, is due to residual chloroform. 
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It thus appears that cyafrin A possesses a 
cyathin-like structure containing a number of hydroxyl 
groups. To obtain information on the number of hydroxyl 


groups in cyafrin A it was acetylated. Acetylation of cy- 


u 
afrin A was achieved in the same manner as described for 
mn 
the cyathin A - allocyathin B mixture, using pyridine as 
3 3 


Solvent and a large excess of acetic anhydride, overnight 
at room temperature. The crude product was purified by 
prep. tic. (solvent system A). 

The mass spectrum of acetylated cyafrin A 
(see fig. 7) shows an apparent parent peak at m/e 400, ; 
bras: C HH O . This at vfarste perhaps surprising result 
may be era if one assumes the formation of a triace- 
tyl derivative. A triacetyl derivative (which would have a 
molecular formuia of C H O , m/e 460) can eliminate one 
molecule of ,acetic Deere mass spectrometer (high tem- 
perature, low pressure) if a proton is suitably positioned 
on a carbon atom vicinal to that bearing the acetylated 
hydroxyl, group. involved. This procéss would result in, the 
fragment at m/e 400. The small peak at m/e 340 could be the 
result. ofthe Llessilof ay second) molecudesofiacetac: acidw@wit 
was thus tentatively assumed that cyafrin A had formed an 


mM 
0,0,0-triacetyl derivative. 


This assumption is confirmed by the nmr spec- 
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trum (see fig. 8). Theothree sharp singlets at 6 2.02, 2.07 
and 2.12 are assigned to the protons of three acetyl groups. 
The nmr spectrum of 0,0,0-triacetylcyafrin A proved to be 
very instructive. Many of its features Sane analyzed by 
virtue of its striking similarity to that of 0,0-diacetyl- 
eyathin A . Compare tables I and III. The data for 0,0,0- 
eee A (table III) were obtained using a 100 
MHz spectrometer; me information on couplings was obtained 
by means of spin-spin decoupling (double irradiation) ex- 
periments. Table I (0,0-diacetylcyathin ne? was compiled 


from data obtained using a 220 MHz spectrometer, which ac- 


counts for its greater detail. 


A comparison of table I and table III shows 
only three significant differences. Firstly, 0,0,0-triace- 
tylcecyafrin A (table III) shows an extra signal at 6 4.89, 
which is see with some of the protons in the region of 
Saenale' eto 'y. Secondly, the région between ss 1.9 anda), 
which contains six protons in 0,0-diacetylcyathin A , con- 
fains only four in. 0.,0,0-triacetylcyatrin A . Thirdly§ the 
region around 5 2.1 (signals u,v,w) shows es three-pro- 
ton singlets in 0,0,0-triacetylcyafrin A instead of two 
(signals u,v) as observed in ee een ie pie 


The conclusions one can draw from this com- 


parison are: cyafrin A and cyathin A are likely to have 
u 
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Figure 8. Nmr spectrum of 0,0,0-triacetylcyafrin A (CDCl ). 
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the same basic structure; of two protons absorbing in the 
methylene proton region for 0,0-diacetylcyathin A , one 
has been replaced by a hydroxyl group (an 5 an group 
in 0,0,0-triacetylcyafrin pee the other by a proton which 


absorbs in the same region as other protons geminal to an 


acetoxyl group. 


If the first conclusion is correct some tenta- 
tive structure assignments for cyafrin A may be arrived 
at. Looking at the structure of Oa aaeeee Puan 
at the assignment of proton signals in the molecule oe 
Structure 13) 1t as found, thet phe molecute jicontains six 
methylene carbons that could in principle bear the extra 
acetoxyl group: observed, in.0,0,0-triacetylcyafrin A . They 
avescanpons ly. 25. 4 28, 10vand 15.7 0f tnese,: C-10 can be 
ruled out: both protons on C-10 (signal g,j) are still pre- 
sent in the nmr spectrum of 0,0,9-triacetylcyafrin ae as is 
evidenced by the multiplicity of signal b (fig. 8, table III). 
C-15 is not a possible site as the nmr signal c,d (fig. 8) 
of 0,0,0-triacetylcyafrin A contains two protons. It seems 
Clem that cyarran A. comid dts the same skeleton as cyathin 
A , but would bear f extra oxygen on one of carbons fy 2, 
ee 8. 

To find further support for the tentative struc- 


ture assignment and to obtain further information about the 


position of the extra oxygen function we decided to prepare 
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a second derivative of cyafrin A . An attractive possibility 
nm 
presented itself at once. It has been found that cyathin A 
= TO ALO eae 
readily forms an 0,0-isopropylidene derivative 4 


which results in the formation of an extra six-membered ring. 
If cyafrin A does possess a similar basic skeleton it should 
form this derivative without difficulty, as the extra 
hydroxyl group is not likely (see above) to be in a position 
to interfere with the formation of an isopropylidene deriva- 
tive. Another reason for preparing this derivative was this: 
a chemical conversion of cyaéfrin A to one of the known cya- 
thins would prove our tentative ae assignment for 
cyafrin A . Selective protection of two of the hydroxyl 
groups ap geen A as the 0,0-isopropylidene derivative 

m 


would leave the third hydroxyl free for chemical transfor- 


mations. 


The 0,0-isopropylidene derivative (cyafrin A 
b 
acetonide) was prepared by dissolving cyafrin A .in 2,2-di- 
uy 
methoxypropane. The reaction was catalyzed with p-toluene- 


sulphonic acid. Direct application of the reaction mixture 
to a prep. tle plate and elution (solvent system A) resulted 


in’ the isolation of pure (by tle) cyafrin, A , acetonide. 
Mm 


The mass spectrum of cyafrin A acetonide (see 
m 


fig. 9) shows a strong parent peak at m/e 374 (hrms: 


Coie wO.) as expected fora mono-0,0-isopropylidene deriva- 
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tive of a C H 0 compound, and no evidence of impurities. 
ZO SOT 


The nmr spectrum of cyafrin A acetonide (see 
fig. 10) confirms that it is an 0,0-isopropylidene deriva- 
tive: the two three proton singlets around § 1.45 are at- 
tributed to the newly introduced methyl groups. 

As was the case with the spectrum of the tri- 
acetyl derivative of cyafrin A the nmr spectrum of cyafrin 
A acetonide can be analyzed a comparison with that of 
Be A acetonide. This compound was first prepared by 

3 Zep 0 
Mercer, and table V is from data collected by him 
Comparison of the data in this table with the nmr data for 
cyafrin A acetonide (table IV) shows many similarities. 
The data a the last two columns of table IV were obtained 
by means of spin-spin decoupling (double irradiation) ex- 
periments. The differences between the data in these two 
tables are very instructive. The spectrum of cyafrin A ace- 
tonide shows the extra signal b' at 6 3.9, and there ee 
to be two protons less in the 6 1.2-1.8 region. This confirms 
our previous Eee cer oe signal bt is attributable to a pro- 
fon on a carbon. that also’ bears a hydroxyl group.) Signal pb 


is coupled with two protons (6 2.3-2.5) by equal or almost 


equal spin-spin coupling constants. 


The question remained: which of the carbons 1, 


2, 7 and 8 is the one bearing the hydroxyl group? The chemi- 
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Figure 10. Nmr spectrum of 0,0-isopropylidenecyafrin A 
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cal shifts of the methylene protons which are coupled with 
the proton responsible for signal b', as we have found them 
in the spectra of the triacetyl- and the acetonide deriva- 
caves €2.1-3.0 and 2.3-2.5" ppm respectively, see: tables Iii 
and IV) make positions 7 and 8 unlikely to be the ones: the 
presence of a hydroxyl group on an adjacent carbon would 
not be expected to deshield these protons appreciably from, 
e.g., the shift of 1.44 ppm found for the methylene protons 
18. .poote 
in cyclohexane - The literature was searched for nmr 
data on suitable model compounds to make a decision between 
positions 1 and 2 possible. No data on 2-cyclopenten-1l-ol 
or Similar compounds were found, but data on some 3-cyclo- 
penten-l-ol systems are available. The relevant chemical 
shifts are indicated on the corresponding structures 15 
(from ref. 19) and 1b (from ref. 20). These values corres- 
pond closely to our values: signal b” is found at 6 4.389 in 
triacetyleyafrin A and at 6 3.90 in cyafrin - acetonide. 


The methylene protons resonate at 6 2.1-3.0 and 6 2.3-2.5 


CH,CH,t ly 4.95 
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O 63.94 
H 4 ‘ 


around 23615 


in these two derivatives respectively. It, is not likely 
that the protons in 2-cyclopenten-l-ol systems would have 
similar chemical shifts, as is shown by the large difference 
between the two sets of methylene protons in cyclopentene 


PeseiiaCstnucture | iy strom mes. 20)). 


It was therefore tentatively assumed that the third hydroxyl 


group in cyafrin A is positioned on C-l. 
4 


wh ro e 


iG) -Btt: 


a 7 tive 
a ‘ Lon 
ry a 
d , : 
5 4 
3 
hi 
Dele iF vet) 
i; . hit, he 
rails Pe f 
a : 
= . Kal'§ wd 


foe 
-= a Rc we eines ar - 


‘AS ene Cl - aia 


ie) (su pe pipnaue. 


a 9 
y 1 aa If re) a \ 
is, wt eh at aL ao By 
: * o roe | Ps 
; 7 5 a Mg 
1 = - af « i a ¢ 7 pos 
| = eeaneeee 


hg mata Et 


ne 


Oxidation of the free hydroxyl group in O08 
isopropylidenecyafrin A offered a second method of ascer- 
taining the position Bea, de third hydroxyl group of cyafrin 
A. Oxidation of 0,0-isopropylidenecyafrin A was achieved 
Sree "Jones" conditions (see detailed iN a 5 using 
chromic acid. After filtration and separation of the pro- 
duct mixture by prep. tle (solvent system A) a small quan- 
tity of chromatographically pure material was isolated. Mass 
spectral analysis of this material indicated that it was the 
expected oxidation product: a parent peak was found at m/e 
372 (which corresponds to the molecular weight of the star- 
ting material minus two protons). 

The infrared spectrum of the oxidation pro- 
duct showed carbonyl absorption at 1735 oath This is con- 


sistent with the presence of a non-conjugated carbonyl 


group in a five-membered ring. 


The nmr spectrum of the oxidation product 
showed as new feature a two proton singlet at 5 3.00, while 
the triplet found in the spectrum of cyafrin A acetonide 
at 6 3.90 had disappeared. The two proton aes may be 
assigned to the two protons adjacent to the newly introduced 
carbonyl group. The fact that these are magnetically equi- 


valent is an indication that they may be positioned on a 


five-membered ring. In addition, the chemical shift of these 
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two protons is such (6 3.00) that it can only be accommoda- 


ted in the cyathin skeleton by assuming them to be positioned 


on C-2, which is flanked both by the new carbonyl group and 
by the C=C double bond. This confirms that the extra hy- 


droxyl group in cyafrin A is positioned on C-l. 
u 


We can now arrive at a more precise formula- 


tion (structure 18) of cyafrinA . 
m 


The only problem that remains to be solved 
is that of the stereochemistry of the C-1l hydroxyl group, 
i.e., is the hydroxyl group orientated cis to the methyl 


group on C-9 or trans to it? 


It is known that when nmr spectra are recor- 


ded in pyridine the chemical shifts of protons which are 
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positioned close to carbonyl or hydroxyl groups may change 
considerably when compared to their shifts in non-aromatic 
Solvents such as chloroform. It is assumed that the pyridine 
complexes with these functional groups, thus changing the 
magnetic environment of nearby protons. In the case where 

a methyl group is situated on a carbon vicinal to a carbon 
bearing a hydroxyl group, a definite relationship has been 
found to eee between the dihedral angle (formed by the 
C-OH bond and the C-CH bond) and the difference in chemical 
shift of the methyl Barns when measured first in chloro- 
form and then in pyridine solution. Thus for a synclinal 
relationship between hydroxyl and methyl groups, a down- 
field shift of 0.20 PPM or larger may bé expected. For an 
antiperiplanar relationship the shift will be 0.10 - 0.12 
PPM or less. By recording the nmr spectrum of 0,0-isopro- 
pylidenecyafrin A in pyridine-d and noting how the chemi- 
GCalshat ess-of rl groups pein compared to the 
siittesin CDCl, Cas given invtable;Iy)eit was hoped that 

the Jor snes coe of the hydroxyl group at C-1l could be de- 
duced. Table VI shows how the shifts of the methyl groups 
compare for the chloroform and pyridine spectra. The doublet 
Signals are due to the protons on the isopropyl group. Two 
interpretations are possible for the tertiary methyl signals. 
Either beth’signals have shaited by ‘0.2) PPMeCrrom 675.00 


tools 2l and from 6 1,09 to 6) l.30 mespeeriver,)) on aone 


has shifted by 0.30 PPM (irom 61.00 to’ 6 1,30) and the 


| 
td 

nef 

rus ro 
a ene, 


a Re haut ng. fer by enh ued ake hat 


i 3 e } a i 


‘Ae os oe aS x 4 mi iy 
Jel i ay Peking sai oo torneo nt i 


[7 Ce. 
or, 


ul 
~ a 
ru a 
* Cie 
f 
’ j 
ve { 
& 7 
4 ‘ 
7 i} 
a ih, AOA Las ti 


JC ei 


ce 
J ae ba 
ar! a 
ae iy € 
erg oy he. be ' 
: wuL4 at) [ 
} ’ <2 iy LM 


Us; 


oD 
a 


eo. ye wkoR ‘yh ai te 
ney ame salah niin se hog? 3 
ae He ten qiterar 
7) yor? - j ra | * e en e bites | 


= 


re 

baby oe 
i ose - + ; ¥ f) 

\ Ot aghey Th pes Mag. Ay ast 


© oe 


- o's. <e ,¢ by i 
ib stints Ly ery. oat ‘soap iver: A 


LPP eay Oeteie abanly $4 biact, 

1 : / a4 fe 

Wg Bihy BI on Sairh ii *y 
¥ 

& oe 


Th e wey to ails ¢ * aay wnt stomata 


= * 


* an ,¢ 


i) - J 
; Me 


A 4) are Ria 
aye SS i a else G}; pan 
ane | * an) ud vy : 7H 


wy “=: band > wont uta "ss ro, : 


nh 75) Sse? ne apes — 


uisaeh 2) ere at. s ca bette 


- ’ 


Lo le : en, 


53 


Table VI. Chemical shifts of methyl protons in 0,0-isopro- 


pylidenecyafrin A 


Mm 
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intecpates to Six protons. 


ebnerp by 0.12) RPMVGiromuo Va00ston ovl 21)... (Thevfirst or 
these two interpretations is the more attractive since it 
eliminates the need to establish which signal corresponds 
to the C-17 methyl group and which to the C-16 methyl group. 
It is not unusual that the C-16 methyl group shifts as well 
as the C-17 methyl group, since it is near the carbonyl 
group. This would then lesa to the conclusion that the hy- 
droxyl group at C-l must be orientated icis to the vicinal 
methyl group. 

The second possible interpretation must not 
be neglected. Assuming that one methyl signal had shifted 
by 0.12 PPM and the other by 0.30 PPM it becomes necessary 
to establish which signal belongs to which methyl group. To 


determine this the spectrum of 0,0-isopropylidenecyathin A 
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2G aps LOZ 
(prepared by the method of Mercer ) was recorded in 


pyridine and compared with that recorded in chloroform (see 
table V). Cyathin A~ is not functionalized in the five-mem- 
bered ring, so the Shee of the C-17 methyl protons is not 
expected to be influenced appreciably by the change of sol- 
vent. If we see a shift of one of the methyl signals then 


that shift must be associated with the C-16 methyl group. 


The nmr spectral results are given in table VII. The isopro- 


Table VII. Chemical shifts of methyl protons in 0,0-isopro- 


pylidenecyathin A 
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pyl signals are readily recognized by their multiplicity. 
The chemical shift of the C+17 methyl protons should not 
change markedly and must be that of the signal at 6 1.06. 
The signal of the C-1l6 methyl protons has shifted from 
So vto toul. Lom ive., 6.08 PP downfterd. Thus in cyafrin 
A acetonide the signal which shifts by 0.12 PPM must be 


4 . 
the signal due to the C-17 methyl protons, and that which 
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shifts 0.30 PPM must be from the C-16 methyl protons. Hence 
the hydroxyl group) at) C-l must: be orientated cis to the 
C-17 methyl groups 

It is possible to confirm this stereochemical 
assignment using eee Recently Djerassi et Sm measured 
te ty spectra of a number of steroids in which a hydroxyl 
group and a methyl group were positioned on adjacent carbons 
in a five-membered ring. They noted that if the relation- 
ship between hydroxyl and methyl group was antiperiplanar, 
the chemical shift of the methyl carbon was only 0.4 PPM toe 
field from the case where the hydroxyl group was absent. If 
the relationship between them was synclinal, the methyl 


group was shifted upfield about 6 PPM. 


eS 
The C-nmr spectra of several known cyathins, 


including 0,0-diacetylceyathin A , have recently been measured 
S 
in these laboratories, and the signals assigned to specific 
24 
carbon atoms . 


A large quantity (45 mg) of 0,0,0-triacetyl- 
cyafrin A was prepared anda cee spectrum was obtained 
on this material. The shifts were compared with those of 
0,0-diacetylcyathin A (see table VIII). Many signals have 

8) 


Similar shifts to those of 0,0-diacetylcyathin A . These 
3 


have tentatively been assigned to the corresponding carbons. 
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C-nmr data of 0,0-diacetylcyathin A 
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Ta Dinew el L, and 


ETC DE I. 
4 3 


0,0,0-triacetylcyafrin A 


0,0-diacetylcyathin A 0,0,0-triacetylcyafrin A 
3 4 
Chemical a Chemical bieeChemi cai) c 


shift (PPM) Assignment Shire sCPPu) Sines (hy) 


208.7 14 80.8 
Ont Al 34.4 
169.8 22) 21.9 
143.4 ay 143.5 gis i 
140.7 (as 138.0 
135.5 Le) 134.4 
gam 13 Togied 

72210 lel 71.8 

64.7 ae 64.7 

54.3 6 53.6 

49.3 g 50.4 

8 il 5 39.6 

38.0 Cae 

86432 7) 35.4 

ere gi 8 34.9 

a7 10 ey! 

2862 2 

ie 18 ry at 

24.0 ay) 

Day) Gigt ena! 

ie 20) oar 

20.8 (23, 20.8 

20.8 24) 20.8 

14.8 16 15.0 


a Bee 
Numbers refer to carbons numbered as in structure 13, p.26. 


b 
Only the shifts of signals closely corresponding to signals 


in the first column are Listed here. 


eC 
The shifts Of Stenais not listed, in the previous column 


are listed here. 
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Several major differences are also apparent. First of all, 
only 22 signals were found for 0,0,0-triacetylcyafrin A , 
although the compound contains 26 carbons. At the time Ae 
Spectrum was recorded samples larger than 45 mg were usually 
required for good results. The missing signals are those of 
the carbonyl carbons (C-14 and the acetyl carbons), which 
ere relatively weak signals. The signal assigned to C-1 in 
0,0-diacetylcyathin A has apparently shifted to 6 80.8, 
close to the signal oe C-1l1, the other methine carbon 
bearing an acetoxyl group in 0,0,0-triacetylceyafrin A . The 
Signal for C-2 in 0,0-diacetylcyathin A has shifted an 
Ohze to 6 34.3) in eee eee ee ae eC erat Ont Le 
influence of the acetoxyl group at C-l. In fa rent On 
0,0,0-triacetylcyafrin A a new signal is found in the me- 
thy reg lon at 6 21.9% eee must be the. methyl carbon of 
the acetoxyl group. Finally the signal assigned to C-17/ in 


in O,0-diacetylcyathin A: has shittedsuptield trom, ¢ 24.0 


3 
TOmo: ly sles) die Dy Os oe PPM tn OLO OS inteceryLcvotr linn. 


m 
which compares with a shift of about 6 PPM in the case of 
23 
a synclinal relationship observed by Djerassi , and which 


teat ypacal” y=gauche effect. 


This confirms our earlier finding that the 
hydroxyl group at C-1 in cyafrin A must be orientated cis 
m Pink 


to C-17. Structure 19 is therefore proposed for cyafrin A . 
a 4 
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Correlation of cyafrin Ay with allocyathin B3 


Abundant spectral evidence has been presen- 
ted to,support \structure, 19 vaswehet .of cyafrin A The 
finding of) cyathinA,y and altocyathinne fas Mee metabolites 
of .C.. |abpicanus Bit that the ere ea for cyaftrin A, is 
biogenetically reasonable. In order to prove conclusively 


that cyafrin A, has structure 19, a chemical correlation of 


cyafrin A, with one of the known cyathins was desirable. 


We proposed to do this (as illustrated in 


scheme 1) Dy dehydration of 0,0-isopropylidenecyafrin Ay to 


m 
give 0,0-isopropylideneallocyathin B , a compound which has 
3 2 
been prepared from allocyathin B and described by Mercer . 
3 


Many reagents are known which can effect de- 


hydration. However, many of them employ acidic conditions 
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Scheme I. Proposed conversion of 0,0-isopropylidenecyafrin A 

to 0,0-1sopropylideneallocyathin B . 4 
3 

which should be avoided in this case because the 0,0-iso- 

propylidene protecting group is acid labile. A procedure that 

employs basic conditions developed by Von miedeea: has been 

used successfully for the dehydration of various natural 

products and fiw: Sely on et This method consists of heating 

the alcohol in the presence of alumina impregnated with 1 

to 2% of pyridine. We decided to replace pyridine by colli- 

dine to minimize loss of the reagent by evaporation. A 

small amount of cyafrin A acetonide was heated with this 

Catalyst at 160 C FOr 20 aie (these conditions are much 

milder than the ones suggested by Von Rudloff). The products 

were washed from the catalyst with methylene chloride and 

then methanol. The product mixture was examined by tle, 

using authentic allocyathin Be acetonide as reference sub- 


stance. However, no trace of the desired product nor any 


starting material could berdetected in the: product. Dis- 
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couraged by these findings we decided to look for less 


vigorous dehydration methods. 


Another well known dehydrating agent is 
thionyl chloride, which may be used in combination with a 
base such as pyridine. When we first attempted this reagent, 
pyridine was used as solvent and a large excess of thionyl 
chloride was added. The reaction was allowed to.proceed at 
me for three hours. After this time part of the reaction 
mixture was worked up and examined by tlc. It appeared that 
some of the starting material had disappeared, but little 
ensercould be detected. Arter a further four hours: reaction 
at room temperature the product was again examined. The re- 
sult this time was that most of the starting material had 
disappeared. The bulk of the reaction mixture now appeared 
to have an R_ of 0.0 (solvent system A) but a very faint 
spot was yee discernable at the R expected of allocyathin 
By acetonide” (R90. 805% i 

3 £ 

Dehydration was then attempted using methylene 
chloride as solvent, with excess pyridine and thionyl chlo- 
ride for 24 hours at room temperature. Examination of an 
aliquot of the reaction mixture showed very little change 


after 6 hours. After 24 hours tle indicated a similar re- 


sult as before: very polar material and a faint spot around 
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It was decided to use acetone as solvent (as 
this should insure the retention of the acetonide protecting 
group) and smaller amounts of reagents. The reaction was 
monitored by direct application of aliquots of the reaction 
mixture to tle plates. This method proved useful: using 10 
equivalents of freshly distilled thionyl chloride and 30 
equivalents of pyridine in dry acetone at me and monitoring 
the reaction by tle (solvent system A) it was found that af- 
ter 50 minutes the reaction was complete. The tle of the 
reaction product showed not only highly polar material, but 
also a substantial amount of material with R 0.8, which is 
the op value of allocyathin - acetonide. ois material at 


R 0.8 was isolated by prep. tlc. The yield was somewhat 


i 
less than 2 mg from 3.5 mg of starting material. 


The mass spectrum of the dehydration product 
(see fig. 11) appeared promising. The apparent parent peak 
at m/e 356 is that expected for allocyathin B acetonide. In 
3 


fact, this spectrum was identical with the mass spectrum of 


allocyathin B acetonide recorded by Mercer. 
3 


The nmr spectrum of the "dehydration product” 
(see fig. 12) was, however, disappointing. This spectrum 
(recorded at 60 MHz on a small quantity of material) showed 
all the features expected of a cyathin acetonide: two methyl 


signals around 6 1.45, two more just above 61.00 and ab- 
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Sorption around § 1.0 that ‘indicate ‘the presence of an iso- 
propyl group, Also, fairly sharp signals are found at 6§ 4.3 
and 5.7 (compare signals b,c,d and a in tables IV and V). 
However, allocyathin B acetonide has two olefinic protons 
on C=1 and C-2 that a known to resonate around 6 6.3, and 
the reaction product (fig. 12) does not show signals in this 
region. In addition, fig. 13 shows a broad signal around 
64.8 which is not present in the spectrum of allocyathin B 
acetonide. ; 

The’'uv spectrum of the material in hexane 
confirmed that the material is not identical with allocyathin 
B acetonide; it showed absorption maxima at 231 nm (e~5000) 
ds 330 nm (€€ ~100). These are the normal values for the 
a,8-unsaturated ketone found in all cyathins. No trace was 
found of a shouldertat 256 mm, as would (be expected for the 
conjugated diene present in allocyathin a eee 

It is known than when thionyl chloride is. used 
as dehydrating agent, sometimes the reaction that takes 
place is substitution instead of elimination. That is, in 
our..case, we could have obtained 1l-chlorocyathin A acetonide 
(see structure 20)-instead of allocyathin B be inttdip! This 
would account for the evidence described: l-chlorocyathin A 
acetonide would not show diene absorption in the ae ioaeceR 


region, nor would it show signals at § 6.3 in the nmr spec- 


trum, but it could well show a signal around 6 4.8, due to 
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the proton remaining on C-l. The mass spectrum may be ex- 

plained by assuming that l-chlorocyathin A acetonide, when 
3 

heated under vacuum in the mass spectrometer or on electron 


impact, undergoes elimination of HCl to produce allocyathin 


B acetonide or the corresponding radical ion. 
3 


At this point we recalled that the mass spec- 
trum of 0,0,0-triacetylcyafrin A (see fig. 7) showed the 
highest mass peak at m/e 400 ee of 460 as expected, 
which we attributed to the molecule losing a molecule of 
acetic acid in the mass spectrometer. If this molecule of 
acetic acid originated from the acetoxyl group on C-1 and a 
proton onoC-2, this would result in the formation of 0,0- 
diacetylallocyathin B . Comparison of fig. 7 with the mass 
spectrum of alloeyathin B diacetate as recorded by roe 


3 
showed them to be identical. 
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The mass spectral correlation strongly sug- 
gests that cyafrin A does have the same basic skeleton as 
aatocyathin. B .. i the direct correlation has not been 
achieved, eee: possibility that there are stereochemical 


differences (relative or absolute) has not been eliminated. 


Further attempts to obtain more of what is 
assumed to be l-chlorocyathin A acetonide were not under- 
maken because of adack of eer material: during the 
later stages of this work the amount of cyafrin A isolated 
from growths of C. africanus had decreased. The oe on 
prep. tle that earlier contained pure cyafrin A had now 
begun to contain increasing amounts of other Eo ata 
which proved very difficult to remove. Presumably mutations 


had occurred in the fungus and it will be necessary to ob- 


tain a new stock culture before the direct correlation can 


be completed. 


Isolation and proposed structure of cyafrin By 


We now turned our attention to component C 


found on.tle at R .0.4,(Cselvent system A, triplérelutionds 
ne 


Mass spectral analysis of component C, which 
Was isolated by=prep. tle Csolvent system A, triple elution), 
in most cases showed several apparent parent ions. The major 


one by far was at m/e 332 (hrms: C H 0 ). Other high mass 
20 28 4 
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.peaks appeared at m/e 348, 334 and 314 (hrms: C H O , 
ZOF 285 
C H O and C H O respectively), with further prominent 
20-30 4 20 Z.cras 
peaks rat m/e, 2L9 (C—H' <0) ) and 205°(€C -H Oo )}.. This material 
15 23 Tod: 
thus appeared to be composed mainly of a compound with mole- 


cular formula C H 0 , which according to our system for 
20) 284 
naming cyafrins was called cyafrin B . It was, however, con- 
4 
taminated with small amounts of several other compounds. 


Cyatpine Be was purifaded by prep. tic, susing 
Mm 
solvent system C, quadruple elution. After this purification 
the mass spectrum looked very much cleaner (fig, 13). The 
Peagments, m/er205 Cin O and m/ei2ige.C HH 0 obviously 
1S 21 dadey 72S 
do oPpiginate from cyafrin B . 
m 
The ir ‘spectra of cyatrin ss |, recorded in 
m 
GHCIy solution’ and neat Ciig. 145 ands psenespectively). proved 
3 


interesting (the latter spectrum was obtained by evapora- 


ting the solvent from a solution of cyafrin B which had 


4 
been applied to the surface of an ir cell). The solution 
-1 
spectrum shows free hydroxyl (3600 cm ); hydrogen bonded 
-1 -1 


hydroxyl (3400 cm ) and strong carbonyl (1685 cm ) ab- 

sorptions. AS was the case with cyafrin A the free hydroxyl 
Mm 

absorption disappears in the neat spectrum. The carbonyl ab- 


sorption is also less intense. This phenomenon is often ob- 


served for cyathin-like compounds. 


The uv spectrum of cyafrin B shows the ge- 
4 
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neral features of all cyathin-like compounds: a maximum at 
231 nm (€ ~7000) and a shoulder around 305 nm (e ~100). 
Both may be attributed to the 4,8-unsaturated ketone func- 


Tion present in the -cyathins. 


In view of the small amount of material pre- 
sent, an nmr spectrum of cyafrin B was not recorded since 
it would not be expected to yield bak information. Instead 
an acetylated derivative of cyafrin B was prepared, since 
this would give information about Re aoe of hydroxyl 
groups in the molecule and enable us to record well resolved 
spectra. Cyafrin B was acetylated in the manner described 
previously for cies A . the produet was isolated by prep. 

ub 


tle (solvent system A) and further purified by.the same 


method (solvent system B, double elution). 


The mass spectrum of the acetylated product 
(see fig. 16) has a parent peak at m/e 416 (C “H 0 ). This 
indicates that the product is a diacetyl ee ee 
G@yatrin B . The peak at m/é.356 aS attributed: to: loss of 
one Weer te of acetic acid from themparéent ion. The peaks 


at m/e 205 and 219 are still present, indicating that a major 


portion of the molecule has not been affected by the acety- 
lation. 


The infrared spectrum of 0,0-diacetylcyafrin 


B (see fig. 17) confirms the presence of the acetoxyl 
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-l 
groups (carbonyl absorption at 1740 em ). The absorption 


at 1685 cm is attributed to the a,8-unsaturated ketone 


function common to all cyathins. The absence of absorption 
eal 
around 3500 cm Shows that all hydroxyl groups in the mole- 


cule have been acetylated. 


The nmr spectrum of 0,0-diacetylcyafrin B 
m 
(see fig. 18) has some interesting features. First, it con- 


firms the presence of two acetoxyl groups by the appeareance 
of two three-proton singlets at 6 2.06 and 2.12. Second, the 
overall appearance of the spectrum is very similar to that 

of other acetyl derivatives of cyathins. Comparison of the 
data for this spectrum (table IX) with, for example, table I 
TS very Instructives Fhe sipnals ay bp, c,d, u- and. v appear 


in the spectrum of 0,0-diacetylcyafrin B (table IX) vir- 
4 
tually unchanged from those observed in the spectrum of 0,0- 


diacetyleyathin A (table 1). The regron between 6 2.25 and 
3 ; 
3.0 of the nmr of 0,0-diacetylcyafrin B contains signals 
4 


for no more than three protons, compared to six in 0,0-di- 


acetylcyathin A (remembering that the molecular formula 

for, Ccyarcain eee ae two hydrogens less than for cyathin 
Aa Ene Pee Signal in the nmr of 0,0-diacetylcyafrin 
B has perhaps shifted to become signal d' at 6 3.13. The 

m 


sharp signal 9° at 62.21 is difficult tovaccount torsat this 


stage: possibiy it could originate from an impurity in the 


sample. Signals corresponding to the signals q, r, s and t 
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in the nmr of 0,0-diacetylcyathin A are found to have shif- 
3 
ted considerably to the low field side of the spectrum in 


0,0-diacetylcyafrin B . From these data a few conclusions 
4 
can be drawn: of four oxygen atoms present in cyafrin B two 
4 
exist as hydroxyl groups and a third forms part of ana,g- 


unsaturated ketone group; the seven-membered ring containing 
this a ,8-unsaturated ketone and bearing the two hydroxyl 
groups in cyathin A is present unchanged in cyafrin B as 

3 


m 
evidenced by the signals a, b, ¢ and d in the nmr spectrum 


of the diacetyl derivative; the molecule, like other cyathins, 


contains two tertiary methyl groups and an isopropyl group. 


Other inferences may be made: cyafrin B may 
have the same basic skeleton as all cyathins; the pif 
oxygen atom is present in a functional group which consi- 
derably influences the chemical shifts of many protons in 
the mobecule:(sicnalée dq, 4, S and tean che mmr spectrum 


are all downfield compared to their "normal" positions). 


The problem is now to establish the nature 
of the fourth oxygen function. This oxygen atom does not 
6xist as a thrrdyhydroxyl croup; esther spectrumeo® the.di— 
acetyl derivative proves this. Thea ,gB-unsaturated ketone 
group present in all cyathins very often cannot be detected 
because it can be "masked" by virtue of the internal ketone- 


hemiketal equilibrium. We must therefore consider the possi- 
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bility of a second carbonyl group in cyafrin B , similarly 

undetected. It is also possible that the ee oxygen is 

present as an ether function, e.g. as an epoxide. One of 

the metabolites of C. helenae, neoallocyathin A , has been 
Gant 4 


shown to contain an epoxide function (see structure 7). 
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Taube first prepared methyl ketal deriva- 


tives of cyathin A and allocyathin B by treatment with 
3 3 
methanol containing hydrogen chloride, as illustrated in 


scheme II. 


CH3 0H 


HEL 


Scheme II. Preparation of methyl ketal derivatives of cyathins 


The preparation of such a derivative could 
assist us in ascertaining whether or not ecyafrin B con- 
m 
tains a second carbonyl group, since in this derivative the 


a,8-unsaturated ketone is ketalized. If a further carbonyl 


group is present, this may now be observed in the infrared 
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spectrum. 


The methyl ketal of cyafrin B was prepared 
eee ns aE 4 
by the method of Taube » The product was isolated 


by prep. tle of the reaction mixture (solvent system A, 


double elution, R 0.4). 
a 


Mass spectroscopy (see fig. 19) indicates 
that the product is the desired cyafrin B methyl ketal 
4 


parent peak: m/e 346, hrms: C oH 10"). The mass ‘spectrum 
21. 30 4 
shows a very intense peak at m/e 141 Chrms: C H O ) which 
1p Sh MS 


is common to methyl ketal derivatives of all cyathins. Its 


formation has been rationalized as illustrated in scheme 
Tepe 25 «oO 


scab 
t { i i 
1S" os 8: => 1 6r 
(C) OCH, (Ch. 27 OCH, 
——> Ome —> 
Y 
CH,OH H CH,OH 


HCy“OX—0CH3 


CH,OH 


Scheme III. Fragmentation of a cyathin methyl ketal 
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The ir spectrum of cyafrin B methyl ketal 
in chloroform solution (see fig. 20) shows 4 strong absorp- 
ition at 1685 Rey indicating the presence of a carbonyl 
group. Fig. 21 shows the spectrum as recorded on a neat 
(solid phase) sample of cyafrin B methyl ketal. It is pos- 
sible that the absorption found Re 1685 Si in the solu- 
fone spectrimsof cyafrin B | atself (fic. 1) is in fact#due 
mainly to this second carbonyl group and not to the a,f-un- 
Saturated ketone as assumed previously. Interestingly, 
the solution spectrum of cyafrin ay methyae ketal Cfig, 20) 


shows only free hydroxyl group absorption (3600 cm _ ) and 

-l 
né hydrogen bonded hydroxyl group absorption (3400 cm ) at - 
all, whereas the reverse is true for the solid phase ir 


spectrum of cyafrin B methyl ketal (fig. 21). 
4 


The uv spectrum of cyafrin B methyl ketal in 
hexane solution proves conclusively that cyafrin B contains 
a second chromophore besides the Pa He he PE Pre com- 
mon to all cyathins. An ELeorption issfound “at 3251) tim Ce ~ 
2.500)%. wath: a shouldér around 310° mm Ceg- 60). “this: indi-> 
cates that a second a ,8-unsaturated ketone is present. Whis 
absorption must have been partially masked in the uv spectrum 
of cyafrin B itself. A logarithmic plot of the uv spectrum 
of cyafrin B reveals a shoulder around 251 nm on the peak 


ae 2321 nmi(see fig.) ?2). Thus it'"has nowsbecome elearmtiat 


cyafrin B contains two a,g-unsaturated ketone funetions:. 
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tf we assume cyafrin B_ to possess a cyathin- 
Mm 
dake ‘strueture it is possible to suggest structure 21, or 


alternatively structure 22 for this metabolite. 


The nmr spectrum of cyafrin B methyl ketal 
(see fig. 23) allows us to choose between oe na 22. Com- 
pare the data for cyafrin B methyl ketal (table X) with 
the nmr data measured for see A methyl ketal by 

7, p.653 9 3 | 

Taube (table XI). 

The nmr of cyafrin B methyl ketal shows 
Cable lx) sstena ls: angu.b, -C, fase, ee S, t and Z which are 
all virtuatly unchanged from their positions in the nmr 
spectrum of cyathin A methyl ketal. All other signals of 
cyafrin B methyl eral have shifted to lower field, as was 


found in the case of 0,0-diacetylcyafrin B . The two proton 
4 


singlet 40, foundmat’ 62.20 10 0,0-diacetylcyafrin er rs 
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Figure 23. Nmr spectrum of cyafrin B methyl ketal (CDCl ) 
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present in Cyatrin B methyl ketal (table X) at 62216. This 
establishes that a j' does indeed belong to the compound 
and is not due to an impurity. The chemical shift of this 
Signal is in accordance with the value expected for the me- 
Eiyiene protons adjacent to a carbonyl sroup in an a ,6—-unsa- 
turated ketone such as those on C-1 in structure 21. ousnal 
d* in the spectrum of 0,0-diacetylcyafrin B (table IX) cor- 
responds to signal f in the spectrum of ee ae B< methyl 
Ketel (table X) and cyathin A methyl ketal (table XI) and 
may be attributed to the rants One>>.) bus Posteionyan 
structure 21 in relation to the a,f-unsaturated ketone ex- 
plains why signal d'/f has shifted downfield compared to 

the values found for cyathin A derivatives. The hydrogens 
responsible for signals h and : in cyathin A methyl ketal 
tnaple:xl) havevo= ecoupse beenvreplecedapy eS oxygen atom 

in ¢cyafrin B . Also, two protons of the unresolved multiplet 
around ner in the spectrum of cyathin pe methyl ketal 


GeableiXT), lives thasevons C=), Wnow givespisetto signal: 4’ 


in the spectrum of cyafrin B methyl ketal (table X). 
Mm 


Structure 22 can be eliminated as a possibility 
for cyafrin B as it would not be expected to show a two 
m 
proton singlet at $2.21 (signal j') in its nmr spectrum. 


It should display a signal around 66 due to the vinyl pro- 


fonvon Ca2. We are thue Led to propose structure (2) oto: 
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cyafrin B 
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EL should be. noted here that cyafrin B is 
not identical with the oxidation product obtained Use ane 
from cyafrin A. (see page 50). This provides additional 
evidence that s cyafrin iff the hydroxyl group is not loca- 


ted on C-2, as was concluded before on the basis of spectral 


evidence, 


Other metabolites 


Throughout this investigation it had been 
noted that C. africanus produces various other compounds in 
addition to the four major metabolites discussed thus far. 
These were sometimes encountered as impurities during iso- 
lations of cyafrin A and B and sometimes during mass spec- 
tral analysis of aes 2 mealies tile which: did not.contain 
the major metabolites. Most of these were found only in very 
small quantities, and usually were not analyzed beyond their 
molecular formulas (by hrms). Below is a list of the apparent 


formulas of the minor compounds encountered, arranged rough- 


ly in order of increasing R_ value (in solvent system A, 
si 


triple elution). 
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This compound was encountered increasingly in samples of 


evarrin By. lp vibers) tiselatedsin pure form it-will not £2t 
4 
conveniently into our present nomenclature system. 


Of all these compounds only the ones between 


R 0.8 and 1.0 have been examined in any detail. 
f 


ANisampliesotac » fie 04 ecantaining ‘some 
ZL S03 
C H O according to ms) was analyzed using nmr and ir; it 


78 es Wa 
was found that the spectral data were identical with those 
i 9 


of allocyathin B methyl ketal, as prepared by Taube A 
possibly ae tore: with some cyathin A methyl ketal. It 
was then realized that methanol had been Kea to aid dis- 
solution of the crude cyafrin from which this compound had 


been isolated; apparently this treatment had been suffi- 


cient to convert some of the cyathins present into their 
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methyl ketal derivatives. In later separations, when use of 
methanol was avoided, these compounds were no longer detec- 


ted. 


The other compound that was studied further 
is the one with apparent molecular formula C H 0. Its mass 
Spectrum is shown in fi¢.) 24. Exact mass ay eet eee of 
Eseuredement Of fm/e) 229 gave as atomic Gomposition C H . 

it 
The ir spectrum of this compound showed, besides ee aan 
C-C absorption bands, a strong absorption band at 1720 ak 
which indicates the presence of an unconjugated ketone 
runciion. Uv spectroscopy showed an absorption maximum at 
Pesonm. but this was oposuch low invpensiuy (ce ~1500) “that 
it may well have been caused by an impurity. The total 
amount of this compound present in crude cyafrin was too 
enall to, allowia ee detailed study at the time. Recently 


it has been shown that this compound, the major metabolite 


to be found in the mycelium of C. africanus, is glochidonol 


(structure 24), molecular formula C H O. 
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Metabolites of Sphaerobulos stellatus 


During the sereening of the metabolites of a 
muMmPer Of spectes jofmbaird's mest ;fungi it was found that.a 
crude. ethyl acetate extract of &. stellatus showed some 
antibacterial activity. It was decided to investigate these 


metabolites as well. 


5. esue bate wasrcultumed under utheisame,con- 
ditions as described for C. africanus. Crude ethyl acetate 
extracts were obtainedvas descrabedifor Cirafricanus. | In 
addition, the extracted culture was made basic to pH 10 with 
dilute sodium hydroxide and extracted with methylene chloride 


to obtain any basic components. 


The total amount of crude material isolated 
from S. stellatus per Titer of fmediumpextracted was irather 
Low. Conlysabout/30 to SOumg -persLiter) -comparedito the, 7s 


to 150 mg per liter we obtained from C. africanus. 


The crude basic extracts were examined by 
tle (solvent system C) and found to contain mainly highly 
polar material (R 0.0) and one small spot at R 0.1. A 
very small he ae of this latter material pg eh by 
prep. tle (solvent system C). Mass spectroscopy indicated 


a molecular weight of 168, apparent molecular formula 
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on this small amount of material. Surprisingly for a com- 
pound that appears to be highly unsaturated, we could not 
detect any significant absorption in the uv spectrum over 
220 nm. Later cultures of the fungus did not produce this 


compound, and it was not further investigated. 


Preliminary investigation by tle (solvent 
system C) of the crude ethyl acetate extracts revealed a 
complex. mixture, most of “it with “a low Ri value, but aliso 
containing some less polar material. ee es separation of 
this mixture was achieved by means of a distribution be- 
tween equal volumes of methanol (containing 5% water) and 


Skellysolve B (a low boiling mixture of hydrocarbons). This 


resulted in a large "polar fraction" and a much smaller 


"non-polar fraction". 


The "non-polar fraction" was examined by mass 
spectroscopy and uv. It was found to contain mainly dioctyl- 
phthalate, a commonly used plasticizer which is readily re- 
cognizable from a very prominent peak in the mass spectrum 
at m/e 149 and other peaks at m/e 167 and 279. No other com- 


pounds could be isolated in amounts sufficient for investi- 


gation. 


The much larger “polar fraction" was subjected 
to tle examination using various solvent systems, with a 


view to separating 2 by» prep.» tle. However, none: of “the 
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Systems used appeared to be capable of separating the con- 
stituents. Usually a streak of material was found on tlc 


rather than separated spots. 


An attempt was made to achieve some separa- 
tion, oi this mixture by column chromatography, using silicic 
acid as adsorbent, and eluting with chloroform - methanol 
mixtures containing an increasing percentage of methanol (up 
to 20%). Numerous fractions were collected, and those con- 
taining visible amounts of material after evaporation of the 
solvent were subjected to mass spectral analysis. Peaks were 
found at m/e 386i, 368), 260, 5170 and 103... Howeven, during an 
attempt to obtain the atomic composition of these peaks only 
the peak at m/e 103 was reproduced. Its molecular composition 
was found to be C H 0. The total amount of material isolated 
in this way was Jie pte the bulk of the material could 


only be recovered from the column by eluting with pure metha- 


NOUN. 


It thus appeared that most of the material was 
highly polar. It was considered that acetylation of this po- 
lar mixture would result in reduction of its polarity and 
thus perhaps facilitate separation. Also this would facili- 
tate the use of gas chromatography (ge) as an analytical and 


preparative method. 


Acetylation of the mixture was achieved in the 
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usual way, using a large excess of pyridine - acetic anhy- 
dride overnight at room temperature. The reagents were re- 
moved by adding toluene and distilling the mixed solvents 

under reduced pressure, repeating this several times until 


the residue appeared to be free of the reagents. 


The acetylated mixture was used for trial se- 
parations using gas chromatography (gc). The best separation 
was obtained using an OV-225 column’ (3% on chromosorb W) of 
7' x 4g" and temperature programming (100-220 ¢ at 2c per 
minute). In this way as many as thirteen peaks could be de- 


tected (fid= detector) tin’ the mixture, one*of which’ (ata 


short retention time) was Dy tar the largest. 


Preparative ge was first investigated as a 
method of isolating this compound. However, it was found that 
material collected in this way, when re-examined by analyti- 
cal gc, no longer contained this component; apparently it 


decomposes during gas chromatography. 


Prep. tle was next investigated, separation 
being monitored by isolation of separated bands and then 
analysis of the-mixtures obtained) from each band by sc. OF 


several solvent systems tried none gave a clean separation. 


Finally the major component was isolated hy 


column chromatography, using silica gel G as adsorbent and 
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eluting it with pure chloroform containing approximately 
0.75% ethanol as stabilizer. Under these conditions it was 


the first compound eluted. 


The mass spectrum of the compound shows peaks 
em emoe, LYS Joey dies 03, 87 “and 43. Aside from! the 
base peak at m/e 43, the strongest peak is the one at m/e 103 
which has an atomic composition of C H O . The nmr spectrum 
(see fig. 25) is very simple; a aie oe ae B02. 05.) 2nee= 
grated at nine protons, a four proton triplet at 6 %.20 and 
a one proton quintet at 6 5.22. The ir spectrum showed ab- 
sorption peaks at 955, 1020, 1060, 1090, 1265, 1370, 1420 and 


1745 cm . No uv absorption maxima were found above 210 nm. 


The spectra proved to be identical with those 
Of triacetylelycerol. Giycerol isone,oft the components of 
the Brodie medium used for growing S. stellatus. It thus ap- 
peared that the most abundant compound in the crude extracts 
was not a metabolite produced by the fungus. Since minor 
compounds were not amenable to separation and since we had 
no indication of the presence of cyathin-like compounds, the 


extracts were not examined further. 
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Figure 28. Nmr spectrum of triacetylglycerol (CDCl ) 
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IV. DETAIVED EXPERIMENTAL 


General remarks 


The experimental data given in this chapter 
are in many cases examples of experiments which were carried 


out several times. The amounts used and the yields varied. — 


spectral data presented in chapter ITLl, are 
moLywrmepeated , but neterence iis made to the page where, they 


are recorded. 


Growth of fungi 


The* procedures for growing the fungi that 
were investigated are described under General Experimental. 
The Brodie medium used contains per liter: glycerine, 6 ml; 
peptone, 0.2 °g3~d,1-asparagpine;—O0.2ee3 ~yeast extract, 270%; 

lt 


2 
gs be (SO!) ., \tracesimaltiose,, 5.0 ieee dextrose ,. 2.09.) For 


2 4 3 
liquid cultures this was made up to one liter with distilled 


fecO- “(anhydrous ), 0.2" ws CaGlo Dy ui Oy OnSeos KPO, (Oss 
4 a2 2 


water. For solid media 15 g bacto-agar was added, and dis- 


tilled water to make up one liter. 


The procedure used for preparing crude ex- 


tracts is also given under General Experimental. 
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Isolation of crude metabolites 


Crude cyafrin was freed from highly polar ma- 
terial by the ether - water partition procedure described 
previously. The resulting partially purified cyafrin was 
dissolved in a small volume of methylene chloride and chro- 
mavopraphed on prep. tle plates of lOO “cm Lengthy applying 
0.5 g cyafrin to each plate. The plates were developed with 
soliventsystem A (triple elution). Three bands, at’ R 0.2, 

O.4 and 0.5 were removed from the plates and ee yield, 
after evaporation of the solvent on a rotary evaporator, 
crude cyafrin Bie crude cyafrin a and crude cyathin ie / 


allocyathin B mixture respectively. 
3 


Acetylation and purification of the erude cyathain A, / allo- 
cyathin Bz mixture 


Crude ‘cyathin A™ /"altocyathin “8B “C50 me) was 
GEeaSOLvedriim 2 ml Ot pda (ee Ten et) see eI Te ml) was 
added and the mixture was allowed to stand overnight at room 
temperature. Toluene (15 ml) was added and the mixed solvents 
were removed by evaporation under reduced pressure using a 
rotary evaporator. This toluene treatment was repeated three 
times. The residue was taken up in methylene chloride and 
chromatographed on one 20 x 20 cm prep. tle plate (solvent 
system A). A band at R_ 0.7 was removed from the plate and 


f 
eluted to yield, aiterm evaporation of the ‘soivent, 15 mg of 
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as: "mixture of 0,0-diacetylcyathin A and 0,0-diacetyl- 
3 
allovyathin B . The mass spectrum of this mixture is shown 


3 
in fig. 1. The nmr—spectrum is given in-fig. 2. 


Piritication of cyafrin Al and -cyat rin By 


Crude cyafrin A (2U00 mg, isolated from seve- 
pal growths of fungus) was dissolved in a small amount of 
aeerone and appized ’to two 20°x" 20 /cm prep. tic) plates: These 
were developed with solvent system D. The band at R 0.6 was 
removed from the plates and eluted with acetone. ees evapo- 
ration of the solvent 140 mg of purified cyafrin A was ob- 
tained. The mass spectrum of this compound is Sar Getic On eo 


Tr spectra are shown in fig. 5 and 6. The nmr spectrum is 


shown in fig. 4. 


Crude cyafrin a (300 mg, isolated from seve- 
ral growths) was dissolved in a small amount of acetone and 
chromatographed on three 20 x 20 cm. prep. tie plates with 
solvent system C, quadruplé elution? The band at’R “O.4, af- 
ter elution with acetone and evaporation of the anita yiel- 
ded 94 mg purified cyafrin B . The mass spectrum of this com- 


DOUG «te showniti ero. 3° Ton erect maare shown in<figs 24 


and 15., They spectrum as shown in figs 22. 
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Acetylation of cyafrin An iandecyatrim B, 


Crude cyafrin A (75 mg) was acetylated using 
the procedure outlined for ee Ae Feallocyathin) By.) The 
excess reagents were removed by ees gil An ee a un 
der reduced pressure with toluene. The residue was chromato- 
graphed on a 20° x 20 cm prep. tlc plate using solvent system 
A. A band found at R 0.65 yielded pure 0,0,0-triacetylcy- 
afrin A (45 mg). te mass spectrum of this compound is 


Shown in fig. 7. The mmr detavareveiven in fie, 6 and®tables 


Peirce: Vil Ll 


Cyafrin B (30 mg) was acetylated in the same 
manner. “Atter removal Sone excess péeagents prep. tic (sol- 
vent system A) yielded 0,0-diacetylcyafrin B (21 mg). Mass 
spectral analysis of this material showed alleen De, Ampure. 
Further purification was achieved by prep. tle (solvent sys- 


tem B, double elutiaon)son a 5 x 20 em plate. “Avbandiat Rk O.5 
pak 


yielded pure 0,0-diacetylcyafrin B (8 mg). The mass spectrum 
m 
Omeenhet compound 16 shown in’ figs 165. The ar spectrum) is 


Show inetae, lo). Nuv date arecgivensinwiic. 18 and table ix. 


Formation of the acetonide of cyafrin At 


Cyafrin A (15 mg) was dissolved in 2,2-dime- 
uy 
thoxypropane (1 ml) to which a few drops of acetone had been 


#aded to assistvudsesolution. A iew “small crystats of p-to- 
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luenesulphonic acid were added. After 30 minutes the reaction 
mixture was applied directly to a 5 x 20 cm prep. tlc plate, 
which was developed with solvent system A. The band at R 0.5 
yielded pure 0,0-isopropylidenecyafrin A (9 mg). The ee 

m 


Spectrum of ‘this: compound tis ‘shown “ian fie’. 9. Nm data. are 


ceiver in fig. lO and tables Vand VI. 


"Jones" oxidation of 0,0-isopropylidenecyafrin Ay 


0,0-isopropylidenecyafrin A (5 mg) was dis- 
Ssoived ih acetone (0.2 ml). “Jones era (8N CrO in di- 
hace sulphuric! acid.’ 15 microliter) was added. The oe 
colour of “Lhe reagent) changed stor creen.- Asmallydrop of 2- 
propanol was added to consume excess reagent and a small a- 
mount of Na CO was added to neutralize the solution. The 
Solids es cae ee off and the reaction mixture was ap- 
plied ito: a 5 x <20-cm prep. tic\ plate.whEtrer development wath 
solvent system A, the band at R_ 0.75 yielded dehydrocyafrin 
A acetonide (approx. 1 mg). eee analytical dataiion this 


Mm 
compound see page 50. 


Attempted dehydration of 0,0-isopropylidenecyafrin Ay 


0,0-isopropylidenecyafrin A (5 mg) and col- 
| ly 
lidine (0.3 ml) were dissolved in a small amount of methylene 
chloride. Alumina (Woelm neutral alumina - grade 1, 0.5 g) 


was added, and the methylene chloride removed by evaporation. 
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The resulting dry powder was heated. at 160 C for 30 minutes), 
tren extracted first with 10 mi methylene chloride and 

then with 10 ml of methanol. The combined extracts were con- 
centrated by evaporation. Tlc examination of the residue 
(solvent system A) showed no spots with ie greater st han 0.0. 
No starting material could be detected. This material was 


nOLwMUrthRer characterized. 


Formation of l-chlorocyathin A3 acetonide © 


0 ,0-lisopropylidenecyafrin - (7 mg) was dis- 
solved in dry acetone (0.5 ml). Pyridine (20 microliter) was 
added and the solution was cooled to oC in an ice-water 
bath, then 10 microliter of freshly distilled thionyl chlo- 
pride was added. After 50 minutes the reaction mixture was 
applaed) directly to aS x 20; cm prep. ‘tle plate, which was 
developed with solvent system A. The band at by 0.8 yielded 
what is believed to be 1l-chlorocyathin a: acetonide (2 mg). 


The mass spectrum of this compound is shown in fig. 11. The 


nmr spectrum of this compound is shown in fig. 12. 


Formation of methyl ketal of cyafrin Bi 


Cyafrin B (90 mg, impure) was dissolved in 
u 
1.5. ml of a2. o oN SoLluLrion of (HCl in methanol. Arter 4 hours 
the reaction mixture Was jpplied to a 20x 20 em prep. ‘tle 


plate. After development with solvent system A (double elu- 
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tion) a band at R_ 0.4 gave cyafrin B methyl ketal (45 mg). 
f yy 

The mass spectrum of this compound is shown in fig. 19. The 

geyspectra are shown in fig. 20 and 21, The uv spectrum is 


sown jin fig. 22. Nmre data are given in fig. 23 and table xX. 


isolationlof triacetylelycerol 


some: oim ihe, methanol soluble: fraction; of the 
ethyl acetate extract from S. stellatus was Seen ea as 
described for cyathin oe / allocyathin a About 100 mg of 
this acetylated crude was chromatographed on a column of si- 
lica gel G (E. Merek), 1 cm diameter, 10 cm high. The column 
was eluted with chloroform (containing approx. 0.75% ethanol 
as stabilizer). The fractions which were collected were ana- 
lyzediby glc’,,under conditions described) on page 97. The 
first five fractions yielded, after evaporation of the sol- 
vent, glycerol triacetate (33 mg). The nmr spectrum of this 


compound is shown in fig. 28. 
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